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Abstract 
In this study, we developed a probabilistic model to analyze patient accessibility to hospitals by using a geographic 
information system (GIS). In the consideration of patient accessibility, we do not have correct patient addresses 
because of the laws related to protection of a patient’s personal information. Thus, we use a representational place in 
the city or the ZIP code of the area. However, this may lead to a decline in the accuracy of the analysis. In this study, 
we used a 500-m mesh map and obtained the population gender and age group data from the national census data, in 
order to estimate the patient accessibility to medical facilities in small areas. We calculated the probability that a 
patient lives in each mesh on the basis of the population gender and five-year age group data. We selected the 
appropriate mesh on the basis of this probability and investigated the time distance from the estimated mesh to each 
hospital by using a GIS. As a result, we calculated the time distance and its distribution by using the proposed method 
from limited available information. Further, we found that in the target cities, the average time distance to hospital 
calculated using the proposed method was longer than that calculated by using a previous method; the percentage of 
patients who took more time than the city average to reach a hospital by using the proposed method. This method is 
very useful when planning the geographical resource allocation of medical services. 
 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of KES International. 
Keywords: geographic information systems; grid mesh; revealed accessibility; health policy 
© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of KES International
1632   Shunsuke Doi et al. /  Procedia Computer Science  60 ( 2015 )  1631 – 1639 
1. Introduction 
In recent years, geographic information systems (GISs) have been used for investigating patient accessibility to 
medical facilities1–3. A GIS makes it easy to calculate the time distance from a patient’s home to a medical facility by 
analyzing road-based travel routes. Usually, when we analyze patient accessibility on a large scale, we use the correct 
addresses of medical facilities; however, the correct patient addresses are not available because of the laws related to 
the protection of the patients’ personal identifiable information. Therefore, we often use a patient’s ZIP code or city 
code. In past studies, researchers used a representational place or area, such as a government office, as the patient’s 
address in order to simulate the patient’s accessibility to a medical facility4. This could lead to a decline in the accuracy 
of the analysis, particularly in a large city. Sanuki reported that the error of the road distance to facilities increases by 
the use of a representational place in a municipality area compared with a grid mesh5. A grid mesh is often utilized in 
works related to GISs to verify the spatial characteristics of small areas6.  
There are many studies that analyze spatial accessibility between people and medical facilities. Joseph classified 
such studies into two types: “revealed accessibility” and “potential accessibility”7. The latter is widely used by policy 
makers to estimate how healthcare policies affect potential accessibility. However, the utilization of revealed 
accessibility seems to be limited because of the difficulty of data preparation8. An epoch-making method is required 
to extract patient accessibility precisely from such limited information. 
In this study, we used a 500-m mesh map, which is the smallest area for which we could obtain population, gender, 
and age group data from the national census data in order to estimate a patient’s accessibility to medical facilities in 
small areas. The purpose of this study is to develop a probabilistic model to analyze patient accessibility to medical 
facilities. 
2. Materials and Methods 
2.1. Materials 
As a precondition of the simulation, we set the target field as two popular cities in Japan (Fig. 1). The first one, 
Funabashi, is a major urban city in Japan and a classic commuter town that belongs to the Tokyo Metropolitan Area. 
It has a population of about 610,000, an area of 85.6 km2, and many medical facilities. The other is Takayama, the 
largest city in Japan. It has an area of 2177.6 km2 but a population of only about 93,000. Takayama located in the 
countryside, as 92% of its area is surrounded by forests. In other words, Takayama is a provincial town and its people 
have only a few medical facilities to select from. 
We targeted only the meshes in which people live. The number of target meshes in Funabashi was 386 and that in 
Takayama was 831. 
In this study, we used the hospitalization data from a patient survey performed by the Ministry of Health, Labor, 
and Welfare of Japan. The target patients were discharged from each hospital during the month of September, 2011. 
The dataset provided data such as the patient’s gender, five-year age group, city in which the patient lived, disease 
code, and hospital code. For our target facilities, we only considered hospitals, which have more than 19 beds as 
defined by law. The number of inpatient records in the 2011 survey was 1,009,943. From this set, we extracted the 
records of the inpatients that lived in the target cities. As a result, the number of records for Funabashi was 4,075 and 
that for Takayama was 860. 
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Fig. 1 Locations of Funabashi City and Takayama City 
 
2.2. Methods 
This simulation consisted of the following two steps: 
z Estimation of the approximate patient address locations 
z Analysis of the time distance to hospitals from the patients’ estimated addresses 
 
2.2.1. Estimation of the approximate patient address locations 
Fig. 2 shows a comparison of the concepts of a previous method and the proposed method. The previous study 
assumed that all patients lived in a representational place such as a government office. Thus, all of the patients going 
to the same hospital had the same time distance. In this study, we defined that each patient lived in one of the meshes 
in the target city based on the probability of population distribution. Thus, the time distance was different for each 
mesh. 
 
 
Fig. 2 Fundamental concept of (a) the previous method and (b) the proposed method 
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We obtained the population data for each gender and five-year age group from the 2010 national census data for 
each 500-m mesh. Note that when a mesh had an extremely low population, the population for that mesh was added 
to the population of an adjacent mesh. The population of the age-unknown people was distributed on this map for each 
gender and five-year age group. 
Each record of the patient survey contained only the city in which the patient lived. Therefore, we estimated the 
mesh of each inpatient by the distribution of each gender and five-year age group in the population. First, we added 
up the populations of each gender and five-year age group of all the meshes in the city. Next, we calculated the 
probability that each mesh contained people of each gender and five-year age group. Finally, we selected a mesh based 
on this probability. This simulation was repeated 100 times in a random order for each inpatient. 
2.2.2. Analysis of the time distance to hospital from patients’ estimated addresses 
We investigated the time distance from each mesh, containing the approximate geographical patient address, to the 
hospitals by using the GIS. The time distance was calculated as the transit time by car. We set 2 h as the limit of the 
analysis. We used ArcGIS Desktop Advanced ver. 10.2.2 and ArcGIS Network Analyst provided by ESRI Japan Co. 
Ltd. for the analysis. 
Finally, we compared the time distance in the cases of Takayama and Funabashi. We investigated the average time 
distance, distribution of time distance, and percentage of inpatients who took more than 60 min to reach a hospital for 
the two considered methods. 
 
3. Result 
We present the descriptive statistics of the obtained results in Table 1. In the case of the proposed method, the 
average time distance to a hospital is longer than that calculated using the previous method for both Takayama and 
Funabashi. In particular, for Takayama City, the average time distance of the proposed method is more than twice as 
long as that of the previous method. In addition, the proposed method shows that the standard deviation of the time 
distance is greater than that of the previous method for both cities. 
 
  Table 1. Descriptive statistics of the obtained results 
㻌  Takayama City Funabashi City 
Number of records 76,488 398,855 
Previous method  Average (min) 7.8 24.1 
                             Standard deviation 9.0 15.6 
                             Median 6.2 22.1 
                             Number of patients who took more 
                             than 60 min to reach a hospital 390 11,655 
                             Percentage of patients who took  
                             more than 60 min to reach a hospital 0.5% 2.9% 
Proposed method Average (min) 16.9 28.8 
                             Standard deviation 15.8 18.0 
                             Median 11.0 23.7 
                             Number of patients who took more 
                             than 60 min to reach a hospital 3,082 32,766 
                             Percentage of patients who took  
                             more than 60 min to reach a hospital 4.0% 8.2% 
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The percentage of inpatients who took more than 60 min to reach a hospital was unevenly distributed between the 
two methods. In Takayama City, the percentage of such patients in the case of the previous method was only 0.5%; 
however, in the case of the proposed method, it was 4.0%. Similarly, for Funabashi City, in the case of the previous 
method, the percentage of inpatients who took more than 60 min to reach a hospital was 2.9% and that in the case of 
the proposed method was 8.2%. According to the past survey, the percentage of inpatients who took more than 60 min 
to reach a hospital in Chiba Prefecture, containing Funabashi City, was 10.2%9. This is close to the result obtained 
using the proposed method. 
Figs. 3 and 4 show the lines from the meshes to the hospitals in the proposed method. The points denote the meshes 
and the squares represent the hospitals. Both maps are of the same scale. According to Fig. 3, the number of lines is 
not large because there are few hospitals around Takayama City. In contrast, there are many hospitals around 
Funabashi City. People living in Funabashi City selected a hospital from a large number of hospitals. 
 
 
 
Fig. 3 The lines from the meshes to the hospitals for Takayama City 
1636   Shunsuke Doi et al. /  Procedia Computer Science  60 ( 2015 )  1631 – 1639 
 
Fig. 4 The lines from meshes to the hospitals for Funabashi City 
 
Figs. 5 and 6 show the histogram and distribution of the time distance for both cities. The left figure in both figures 
shows the time distance calculated using the previous method. In the previous method, the time distance is calculated 
from a local government office for all patients. This means the number of unique time distance values is equal to the 
number of hospitals. Using the proposed method, we can calculate the distribution of the time distance as shown in 
the right graphs of both Fig. 5 and 6 from the limited available information. 
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Fig. 5 Comparison of the histogram of the time distance in Takayama City obtained using (a) the previous method and (b) the proposed method 
 
 
Fig. 6 Comparison of the histogram of the time distance in Funabashi City obtained using (a) the previous method and (b) the proposed method 
 
Fig. 7 shows a comparison of the time distance between the previous and proposed methods. Both the vertical axis 
and the horizontal axis indicate the time distance in minutes. When we compared the distribution of the time distance 
between both cities, we found that this value for Takayama was wider than that for Funabashi.  
The correlation coefficient between two methods of Funabashi City has a high value of 0.80. However, for 
Takayama City, it has a value of 0.48. For example, at a hospital in Takayama City, the time distance based on the 
previous method was 59.4 min; however, the minimum time distance calculated using the proposed method was 13.6 
min and the maximum was 117.1 min. 
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Fig. 7 Comparison of time distance between the previous method and the proposed method for (a) Takayama City and (b) Funabashi City 
 
4. Discussion 
In this study, we developed a probabilistic model to analyze the patient accessibility to medical facilities from each 
mesh by using a GIS. The proposed method estimates the approximate geographical address of the patient using a 
500-m mesh, in contrast to the previous method that defines all patients as living in a government office of the city. 
By using this method, we can estimate the distribution of the time distance for analyzing a patient’s accessibility to a 
medical facility, even from limited information.  
The average time needed to travel to hospital is longer than that obtained using the previous method for both 
Takayama and Funabashi. In the proposed method, the percentage of inpatients who took more than 60 min to reach 
a hospital was approximately equal to the results of a past survey. This fact suggests our proposed method can reflect 
the reality of time distance. In addition, policy makers need to identify patients with lower accessibility than others in 
order to plan the resource allocation of medical services more effectively. We believe the propose method will be very 
useful when resolving policy planning issues. 
In this study, we tentatively targeted two cities; however, this method could be applied in other areas. In addition, 
if we can use other factors in each city such as city size, number of hospitals, population density, and distance between 
local government offices and population centroid, we can include those potential factors affecting patients’ 
accessibility in order to improve the proposed method. Furthermore, this model uses the probability that each mesh 
contains people of each gender and five-year age group when we estimate a patient’s address. However, there are 
many other potential models. For example, the Huff model is often used to evaluate a hospital’s attraction from a place 
by its size (number of beds) and distance (or time distance) 10. By combining these models with our model, we will 
improve the accuracy of the estimate. 
This study has the following limitations. First, patient survey in Japan is based on stratified sampling, not a 
complete survey. When calculating time distance, we did not consider time period, season, or means of transportation 
other than cars. Second, when estimating a patient’s address, we used only population gender and age; however, the 
probability of selecting a hospital is not always the same for the entire city, even for patients of the same gender and 
age. In the areas around a hospital, the probability that a patient will select that hospital may be higher than the city 
average. 
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5. Conclusion 
In this study, we developed a probabilistic model to analyze a patient’s accessibility to hospitals by using a GIS 
and 500-m mesh. Using this method, we can calculate the distribution of the time distance and hence the patient’s 
accessibility to medical facilities. This method is very useful when planning the geographical resource allocation of 
medical services. In future, we plan to target all cities of Japan and investigate the factors affecting patient accessibility. 
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